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Supplementary Methods 
Randomization and surgical method
Patients were first randomly assigned, in a 1:1 ratio, to undergo middle meningeal artery embolization (MMAE) + burr hole drainage craniectomy (BHD) or to undergo only BHD. 
Patients enrolled in the embolization group received cerebral angiography combined with ipsilateral MMAE for CSDH management under general anesthesia or monitored local anesthesia. The procedural protocol involved arterial access via femoral or radial approach, followed by digital subtraction angiography utilizing a standardized 5-French diagnostic catheter system. A microcatheter was advanced under roadmap guidance into the main trunk of the middle meningeal artery, and superselective angiography was performed to identify any potentially unsafe collateral vessels, such as the ophthalmic and petrous branches, before embolization. The middle meningeal artery was embolized with Onyx (Medtronic, America). Successful embolization was defined as selective embolization of both the frontal and parietal branches or embolization of the main middle meningeal artery trunk. MMAE was performed before BHD.
Patients who were assigned to the BHD group were treated with BHD and best medical management. Standard burr-hole drainage was performed while the patient was under general anesthesia or monitored local anesthesia, and use of either a single bur hole or multiple burr holes was acceptable. After the hematoma was evacuated with ample irrigation, a subdural drain was placed into the subdural space and subsequently removed within several days on the basis of imaging and clinical indications. Usual care involved the use of atorvastatin, dexamethasone, and other drugs as needed in patients without a contraindication.
Specimen management
  The dura and the outer membrane of the hematoma (OMH) obtained during BHD surgery were immediately immersed in 4% paraformaldehyde fixative solution to ensure effective preservation of tissue structure and cellular morphology. After 24 hours of fixation, the tissues were removed from the fixative solution. In a fume hood, the target tissue areas were meticulously trimmed to achieve a smooth and even surface using a surgical scalpel and then placed into embedding cassettes. The cassettes were transferred to a tissue processor for dehydration using a graded alcohol series. The specific steps were as follows: immersion in 75% alcohol for 4 hours, followed by 85% alcohol for 2 hours, then 90% alcohol for another 2 hours, and finally 95% alcohol for 1 hour. Subsequently, the tissues were immersed in absolute ethanol I and absolute ethanol II for 30 minutes each, followed by xylene I and xylene II for 5 minutes each. Finally, the tissues were immersed in molten paraffin wax at 65℃ in three separate steps, each lasting 1 hour, to ensure thorough infiltration of the wax. The molten wax was poured into embedding molds, and before the wax fully solidified, the tissues were transferred from the cassettes into the molds. The molds were then placed on a -20℃ freezing stage to cool. Once the wax had completely solidified, the wax blocks were carefully removed from the molds and trimmed to ensure proper shape and structural integrity. The trimmed wax blocks were sectioned using a microtome at a thickness of 5μm. The sections were floated on warm water at 40℃ in a flotation bath to flatten the tissue. The flattened tissue sections were then lifted onto glass slides and placed in a 60℃ oven for baking. After the water evaporated and the wax melted, the slides were removed and stored at room temperature for subsequent experiments and observations.
HE staining
The sections were immersed in environmentally friendly dewaxing solution I for 20 minutes, then transferred to environmentally friendly dewaxing solution II for an additional 20 minutes. Subsequently, the sections were sequentially treated with absolute ethanol I and absolute ethanol II, each for 5 minutes, followed by immersion in 75% alcohol for 5 minutes, and finally rinsed thoroughly with tap water. The sections were then placed in a high-definition constant staining pretreatment solution for 1 minute to ensure optimal subsequent staining. Next, the sections were immersed in hematoxylin staining solution for 3 minutes, rinsed with tap water, treated with a differentiation solution, rinsed again with tap water, and then treated with a bluing solution. Afterward, the sections were rinsed under running water. The sections were dehydrated in 95% alcohol for 1 minute and then stained with eosin for 15 seconds. Following this, the sections were sequentially placed in absolute ethanol I, absolute ethanol II, and absolute ethanol III, each for 2 minutes, then transferred to n-butanol I and n-butanol II, each for 2 minutes, and finally immersed in xylene I and xylene II, each for 2 minutes. The sections were then mounted with neutral balsam.

Masson staining
The sections were sequentially placed in environmentally friendly dewaxing solution I for 20 minutes, environmentally friendly dewaxing solution II for 20 minutes, absolute ethanol I for 5 minutes, absolute ethanol II for 5 minutes, and 75% alcohol for 5 minutes, followed by rinsing with tap water. The sections were then immersed in Masson A solution overnight and rinsed with running tap water. Next, the sections were stained in a mixed solution of Masson B and Masson C (in equal proportions) for 1 minute, rinsed with tap water, differentiated in a differentiation solution for a few seconds, and rinsed again with tap water. The sections were then immersed in Masson D solution for 6 minutes and rinsed with tap water. Subsequently, the sections were stained in Masson E solution for 1 minute, slightly drained, and directly immersed in Masson F solution for 15 seconds. The sections were rinsed and differentiated in 1% acetic acid, followed by dehydration in two changes of absolute ethanol. Finally, the sections were placed in a third change of absolute ethanol for 5 minutes, cleared in xylene for 5 minutes, and mounted with neutral balsam.

Immunohistochemistry staining
The sections were sequentially placed in environmentally friendly dewaxing solution I for 10 minutes, environmentally friendly dewaxing solution II for 10 minutes, environmentally friendly dewaxing solution III for 10 minutes, absolute ethanol I for 5 minutes, absolute ethanol II for 5 minutes, absolute ethanol III for 5 minutes, and then rinsed with distilled water. The sections were then immersed in 3% hydrogen peroxide solution and incubated at room temperature in the dark for 25 minutes. Afterward, the slides were washed three times in PBS (pH 7.4) on a decolorizing shaker, 5 minutes each time. Within the immunohistochemical circle, 3% BSA was added to evenly cover the tissue, and the sections were blocked at room temperature for 30 minutes. The blocking solution was gently shaken off, and a primary antibody diluted in PBS at a specific ratio was added dropwise onto the sections. The sections were placed flat in a humidified chamber and incubated overnight at 4°C. The slides were then washed three times in PBS (pH 7.4) on a decolorizing shaker, 5 minutes each time. After slightly drying the sections, a secondary antibody (HRP-labeled) corresponding to the species of the primary antibody was added dropwise to cover the tissue and incubated at room temperature for 50 minutes. The slides were washed three times in PBS (pH 7.4) on a decolorizing shaker, 5 minutes each time. After slightly drying the sections, freshly prepared DAB chromogen solution was added dropwise, and the staining time was controlled under a microscope until positive signals appeared as brown-yellow. The reaction was stopped by rinsing the sections with tap water. The sections were then counterstained with hematoxylin for approximately 3 minutes, rinsed with tap water, differentiated in hematoxylin differentiation solution for a few seconds, rinsed again with tap water, and treated with hematoxylin bluing solution to restore the blue color, followed by a final rinse under running water. The sections were sequentially dehydrated and cleared in 75% alcohol for 5 minutes, 85% alcohol for 5 minutes, absolute ethanol I for 5 minutes, absolute ethanol II for 5 minutes, n-butanol for 5 minutes, and xylene I for 5 minutes. The sections were removed from xylene, slightly air-dried, and mounted with mounting medium.

Immunofluorescence staining
The sections were sequentially placed in environmentally friendly dewaxing solution I for 10 minutes, environmentally friendly dewaxing solution II for 10 minutes, and environmentally friendly dewaxing solution III for 10 minutes, followed by absolute ethanol I for 5 minutes, absolute ethanol II for 5 minutes, and absolute ethanol III for 5 minutes, and then rinsed with distilled water. After slightly drying the sections, a hydrophobic barrier pen was used to circle the tissue, and BSA was added dropwise for blocking for 30 minutes. The primary antibody, prepared at the appropriate dilution, was added dropwise, and the sections were placed flat in a humidified chamber and incubated overnight at 4°C. The slides were then washed three times in PBS (pH 7.4) on a decolorizing shaker, 5 minutes each time. The corresponding secondary antibody was added, and the sections were incubated at room temperature in the dark for 50 minutes. For DAPI nuclear staining, the slides were washed three times in PBS (pH 7.4) on a decolorizing shaker, 5 minutes each time. DAPI staining solution was added, and the sections were incubated at room temperature in the dark for 10 minutes. The slides were washed three times in PBS (pH 7.4) on a decolorizing shaker, 5 minutes each time. Autofluorescence quenching solution B was added for 5 minutes, followed by rinsing under running water for 10 minutes. The sections were mounted with an anti-fade mounting medium. The excitation and emission wavelengths for the fluorophores were as follows: DAPI (excitation 330-380 nm, emission 420 nm); 488 (excitation 465-495 nm, emission 515-555 nm); CY3 (excitation 510-560 nm, emission 590 nm); CY5 (excitation 608-648 nm, emission 672-712 nm).


